Understanding the factors that explain the patterns of genetic structure or phylogeographic breaks at an intraspecific level is key to inferring the mechanisms of population differentiation in its early stages. These topics have been well studied in the Baja California region, with vicariance and the dispersal ability of individuals being the prevailing hypothesis for phylogeographic breaks. In this study, we evaluated the phylogeographic patterns in the desert iguana (Dipsosaurus dorsalis), a species with a recent history in the region and spatial variation in life history traits. We analyzed a total of 307 individuals collected throughout 19 localities across the Baja California Peninsula with 15 microsatellite DNA markers. Our data reveal the existence of 3 geographically discrete genetic populations with moderate gene flow and an isolation-by-distance pattern presumably produced by the occurrence of a refugium in the Cape region during the Pleistocene Last Glacial Maximum. Bayesian methods and ecological niche modeling were used to assess the relationship between population genetic structure and present and past climatic preferences of the desert iguana. We found that the present climatic heterogeneity of the Baja California Peninsula has a marked influence on the population genetic structure of the species, suggesting that there are alternative explanations besides vicariance. The information obtained in this study provides data allowing a better understanding of how historical population processes in the Baja California Peninsula can be understood from an ecological perspective.
Inferring factors responsible for population genetic structure and genetic diversity in natural populations is crucial in understanding evolutionary processes. The study of these patterns has been a subject of interest for many species in the Baja California Peninsula (BCP) (Dolby et al. 2015) . Almost 2 decades ago, Riddle et al. (2000) summarized the spatial and temporal phylogeographic structure of the current peninsular biota, proposing 4 principal vicariant events that promoted its allopatric divergence: 1) the formation of the Gulf of California (4 Myr); 2) and 3) the marine intrusions on the upper Gulf and the Ishtmus of La Paz (both 3 Myr), and 4) the mid-peninsular seaway (<1.6 Myr). Most of these genetic breaks or discontinuities observed along the BCP have been identified based on mitochondrial DNA (mtDNA; 82%), nuclear markers (25.8%; Dolby et al 2015) and a few studies used allozymes (Munguía-Vega 2011) .
After almost a century of research into the geology, climate, and biology of this region, numerous questions of timing and causality between biota and vicariant events remain unanswered (Dolby et al. 2015) , principally those regarding distribution and evolution among different groups of the same species over geological time scales (Lindell et al. 2006; Munguía-Vega 2011; Dolby et al. 2015; Gutiérrez-Flores et al. 2016; González-Trujillo et al. 2016) , and the location of the phylogeographic and geologic discontinuities. Moreover, the consistency between the results of the phylogeographic studies that used mtDNA sequence data in the BCP and those obtained using microsatellites has not yet been tested to see how these results correlate (but see Gutiérrez-Flores et al. 2016 and González-Trujillo et al. 2016) .
Another non-vicariant hypothesis postulates that the observed phylogeographic patterns could be a consequence of causal factors that have occurred over more recent time scales of tens to hundreds of thousands of years (Grismer 2000; Grismer 2002; Garrick et al. 2009; Pease et al. 2009; Munguía-Vega 2011; Dolby et al. 2015; Lira-Noriega et al. 2015) . Some of these hypotheses highlight the importance of the Pleistocene (2.5 Myr-11 ka) climate oscillations, in particular the Last Glacial Maximum (~21 ky) (LGM), and the subsequent establishment of the peninsular desert in shaping genetic structure in species with tropical affinity. During those events, some species dwelled in refugia where the climatic conditions were not extreme, and subsequently migrated and recolonized areas when climatic conditions improved (expansion-contraction model in Provan and Bennett 2008) . The changes in landscapes in geological time scales across large regions have had a profound effect on the evolution and population dynamics of biota, with refugia playing an important role in maintaining genetic diversity (Hewitt 1996; González-Rubio et al. 2016; Gutiérrez-Flores et al. 2016; González-Trujillo et al. 2016) .
Ecological niche modeling (ENM) has been used as a tool in phylogeographic studies, providing relevant information about the geographic distributions of species or genetic lineages and their relationship with the spatial distribution of genetic diversity (AlvaradoSerrano and Knowles 2014; Lira-Noriega and Manthey 2014; Gutiérrez-Flores et al. 2016; González-Trujillo et al. 2016; Suárez-Atilano et al. 2017) . The main hypothesis in these studies supports niche conservatism (closely-related taxa retain ancestral ecological affiliations) (Peterson et al. 1999; Wiens and Graham 2005; Losos 2008) or niche divergence (sister taxa occupy different niches and the adaptation to different environmental conditions may promote divergence of lineages) (Graham et al. 2004 ). Theoretical work suggests that the ecological niche of a species should remain relatively constant over long-term ecological time periods (Martinez-Meyer et al. 2004 ), but some studies point to climatic tolerances evolving over relatively short time scales (10 000-100 000 years) in some organisms (Hendry and Kinnison 1999; Hairston et al. 2005; Losos 2008; Evans et al. 2009 ). In these cases, the environment may act as a barrier to gene flow if 1 or more lineages are separated by suboptimal conditions (Rissler and Apodaca 2007) . Alternatively, adaptation to different local and regional environments (reinforcement) might be a factor in reducing gene flow even with sympatric or parapatric distributions (Rehm et al. 2015) . Although earlier studies have tackled the role of niche divergence or conservatism from a phylogenetic perspective, population genetic studies are needed to examine how niche conservatism or divergence might influence the process of gene flow (Arteaga et al. 2011 ).
The present study aims to analyze the genetic structure of the desert iguana (Dipsosaurus dorsalis) along the BCP. We evaluate the phylogeographic pattern of the species and its relationship with present and past climatic preferences. Because of the life history and biological characteristics of this species, we expect the climatic heterogeneity of the BCP to influence its phylogeographic pattern with differential climatic preferences across the BCP, resulting in a potential adaptation to local environments and limited gene flow between populations. Likewise, during the LGM, colder climatic conditions must have caused a reduction in the geographical distribution of the species to areas of refuge where we expect to find high genetic diversity because of a longer demographic history. We are interested in answering the following: 1) whether the desert iguana shows a phylogeographic pattern; 2) if there is evidence that indicates ecological niche divergence of the species in the study area; and 3) if there is a geographical area along the BCP that acted as a climatic refugium during the Pleistocene LGM.
Materials and Methods

Study Species
The desert iguana, D. dorsalis (Baird et al. 1852) , is a lizard representative to the Sonoran and Mojave deserts. Based on morphological characteristics, older taxonomic references describe 2 peninsular and 1 continental subspecies: D. d. dorsalis (northern desert distribution) (Baird et al. 1852; van Denburgh 1922; Soulé and Sloan 1966) , D. d. lucasessis (southern peninsular distribution) (van Denburgh 1922; Soulé and Sloan 1966; Scudder et al. 1983), and D. d. sonoriesnsis (Mainland Sonoran Desert) . This taxonomic classification has been confirmed with morphological and color variation across its range (Norris 1953; Scudder et al. 1983; Grismer 2002) . Asplund (1967) has suggested that D. dorsalis shows geographical variance in its reproductive season and feeding habits. This can be observed in the breeding season, which is present in May-July in the northern arid regions with a variance to late summer in southern regions, probably following the peninsular N-S gradient of rains (Norris 1953; Asplund 1967) . However, the lack of other more indepth and recent studies has left this premise unconfirmed, with no further insight. In the northern parts of its range, D. dorsalis is entirely restricted to open and flat desert areas, and has been strongly associated with creosote bush (Larrea tridentata), which they use as a source of food and refuge from high temperatures and predators (Minnich and Shoemaker 1970) . In the south, the species can be found in both arid tropical scrub and dry forest with other predominant plant species (Grismer 2002, authors' pers. obs.) . This lizard has a hibernation period that runs approximately from November to March in both northern and southern areas (Norris 1953; Blázquez and Ortega-Rubio 1996) .
Occupation of the BCP by D. dorsalis is relatively recent in terms of geological timescales, which is interesting since it contrasts with other phylogeographic studies in the region. Savage (1960) proposed that the species could have colonized the BCP recently, from a desert area in the Northern Gulf that formed during the Late Pliocene (1.6-3.4 Myr). Later, Murphy (1983) suggested that because of the cyclical climate cooling and warming during the Pleistocene, and the subsequent changes in vegetation composition in the BCP, it may have migrated south following desert affinities. In the present study, we assume a "post-seaway" Pleistocene-timed colonization of the species in the BCP. This imply that D. dorsalis reached its current range only some time after the vicariant geological events that are proposed to have shaped the distribution of genetic lineages of the biota of the region (e.g., the mid-peninsular seaway, <1.6 Myr). All these characteristics, along with its low dispersal ability (O'Neil Krekorian 1976) , its strict ecological requirements, and its acute sensitivity to climatic fluctuations, make the desert iguana particularly suitable for this study.
Study Site
The BCP is a long, narrow peninsula located in northwestern Mexico. It is approximately 1300 km long and 100 km wide, and runs in a northwest-southeast direction (Garcillán et al. 2003) . Geological studies determined the formation of the BCP from the early Miocene to the early Pleistocene (~2 Myr) (Dolby et al. 2015) . The present-day BCP has high landscape heterogeneity, principally in topography and climate, which results in varying characteristic weather patterns, for example, rainy winter fronts in the northwest, and the hurricane rainy season at the end of summer in the south (González-Abraham et al. 2010 ).
Sampling Individuals and DNA Extraction
This work did not involve endangered or protected species. Tail tissue samples were taken with permits from the Mexican government. We sampled 307 individuals in 19 sampling sites across the BCP (Figure 1 and Table 1 ). We clipped the tails (1 cm) using a scalpel and then stored the tissues in tubes with absolute ethanol for preservation. A genomic DNA salt extraction method was performed for the collected samples (Aljanabi and Martinez 1997) .
Genetic Differentiation and Phylogeographic Structure
Fifteen loci for 307 individuals were genotyped at the Roy Carver Center of the University of Illinois according to Valdivia-Carrillo et al. (2013) . We used Convert V.1.31 (Glaubitz 2004 ) to format microsatellite data. Independent segregation between alleles of different loci was calculated using a Fisher exact test on Genepop V.4.0. (Rousset 2008) . Statistical significance (α = 0.05) was adjusted using a sequential Bonferroni test. FreeNA (Chapuis and Estoup 2007) was used to evaluate null allele frequency using the Dempster algorithm (Dempster et al. 1977) . Arlequin V.3.5.1.2 (Excoffier et al. 2005 ) was used to evaluate genetic diversity parameters: observed heterozygosity, expected heterozygosity and deviation from the Hardy-Weinberg equilibrium. Allelic richness and private allele frequency were evaluated with the rarefaction method implemented in HpRare V.1.0 (Kalinowski 2005) with 16 as the minimum sample size.
Population genetic differentiation (F ST ) was estimated according to Weir and Reynolds et al. (1983) to determine its level of significance using the program Arlequin V.3.5.1.2 (Excoffier et al. 2005 ). Also, we used the Bayesian clustering method with Structure V.2.1 software (Pritchard et al. 2000; Falush et al. 2003) to identify genetic populations. We used the admixture model to allow individuals to have mixed ancestry for multiple populations. Sampling localities were used as a priori information for the analysis. Allele frequencies were assumed to be correlated between genetic populations. K (number of genetic populations) was set to a value from 1 to 10, and each K was repeated 10 times to check the consistency of the results. The final analysis chain was run for 1 000 000 generations with a burn-in of 500 000. The most likely K was estimated using Evanno's ΔK (Evanno et al. 2005) , implemented in Structure Harvester (Earl and Vonholdt 2012) . The results of 10 independent runs were processed and visualized using CLUMPP 1.1.2 (Jakobsson and Rosenberg 2007) and DISTRUCT 1.1 (Rosenberg 2004) , respectively. Analyses of molecular variance (AMOVA) among populations were carried out in Arlequin V.3.5.1.2 (Excoffier et al. 2005) with the number of different alleles (F ST ) as distance method and assuming an infinite allele model.
Migration rates (M = m/µ, where m = migration rate and µ = mutation rate) between populations and Ɵ, a measure of the effective population size (Ɵ = 4Neµ, where Ne = effective population size, and µ = mutation rate), were estimated using the program Migrate V.3.1.6 (Beerli and Felsenstein 1999) . Parameter distributions were estimated using the Bayesian implementation of the program (Beerli 2004) . Microsatellite mutation was modeled as a continuous Brownian process and the mutation rate was set to constant for all loci. The initial Ɵ and m values were generated from the F ST option. Uniform priors (minimum, maximum, and delta) were placed for both Ɵ (0, 100, 10) and µ (0, 100, 10). The analyses were conducted with 10 replicates of a single long Markov (Riddle et al. 2000) are shown (Acronyms in Table 1 ).
chain, 10 000 steps were recorded for every 100 generations and the first 2000 trees per run were discarded as account for burn-in. Consistency in magnitude and direction of gene flow was verified with 2 independent runs.
To determine whether the desert iguana shows a pattern of isolation by distance, we performed a Mantel test for matrix correlation between genetic distance and geographic distance with the web service Isolation By Distance of the San Diego State University (Bohonak 2002) , using 5000 permutations. Finally, an analysis of variance (ANOVA) test was performed to determine whether there were significant differences in mean private allele values between genetic populations in JASP (2016).
ENM and Niche Overlap
We modeled the climatic niche for the entire dataset (at the species level) and for each genetic population identified with Bayesian analyses (North, Central, and Cape), using Maxent 3.3 (Phillips et al. 2004) . For the ENM we use geo-referenced presence data retrieved from the Global Biodiversity Information Facility represented by 420 unique localities after a strict spatial validation, and 19 present-day bioclimatic variables (30-arc s resolution) obtained from the WorldClim database (Supplementary Material S4; Hijmans et al. 2005) .
We assessed each model prediction using the area under the curve (AUC; Phillips et al. 2006 ) as evaluation metric. For all the analyses, we used 80% of presence records as training points and 20% as validation data. A convergence threshold of 10 -5 with 1000 iterations as the upper limit for each run was used. For all models, the 10 best models were chosen based on 2 criteria: 1) the best 20 models with less than 10% error of omission, and 2) of those, we selected the 10 closest to the average in areas where the species was predicted as present. Subsequently, we examined the resulting models in ArcGIS 10 (ESRI 2011) to generate consensus maps with pixel values of 0-10, with 10 representing the areas where all models agree in predicting the presence of the species. For all the models, sampling localities in this study were taken as field validation points. The relative contribution of each environmental variable in the model was determined by per cent contribution.
To determine the potential areas where the desert iguana survived during the LGM, we projected the results of the species' ENM to the climatic conditions of the LGM (~21 ky) using Maxent 3.3 (Phillips et al. 2004) . The model was constructed from 19 bioclimatic variables for the period (2.5-arc min, Paleoclimate Intercomparison Modelling Project Phase II, PMIP2) obtained from the WorldClim database (Hijmans et al. 2005) .
To evaluate the niche differentiation between genetic populations, we mapped the values of the 19 climatic variables extracted from each presence point for each genetic population. To achieve this, we performed a Principal Component Analysis (PCA) with Past (Hammer et al. 2001 ). This test enabled us to identify whether there was an ecological differentiation between the climatic preferences of each genetic group, and reduce the raw climatic data to a smaller set of axes. Climatic variables were then used to perform a multivariate analysis of variance (MANOVA) to test the significance of niche differentiation, using genetic population as an independent variable. Finally, to evaluate the ecological niche overlap between pairs of populations, we used the overlap test implemented by ENM Tools 1.3 (Warren et al. 2008 ). This test is an appropriate measure of the similarity between predictions of habitat suitability between 1 or more pairs of populations. The program calculates the overlap using different statistics: Schoener's D and the I statistic (Glor and Warren 2010) . These metrics range from 0 (completely discordant ENMs) to 1 (identical ENMs). All niche overlap analyses were carried out with the inferred ENMs for present climatic conditions only.
Results
Genetic Differentiation and Phylogeographic Structure
The species-specific microsatellite loci used in the present study displayed a low null allele frequency and did not reveal significant (Figure 2 ). The AMOVA indicated that, of all genetic variance in the species, the major genetic variance is within populations (95.89%) rather than between populations (4.11%) ( Table 2) In the Mantel test performed, we found a significant relationship (P < 0.001) between genetic and geographic distance, indicating that a small part (R 2 = 0.28) of the genetic structure can be explained by the isolation-by-distance pattern (Figure 4) . The ANOVA test showed significant differences (P = 0.007) in private allele values between genetic populations (Supplementary Material S2).
ENM and Niche Overlap
The current potential geographical distribution of the desert iguana covers almost the entire peninsula, the Southwestern United States (the lower Colorado and Mojave deserts), and the coastal zone of Sonora and Sinaloa in mainland Mexico. In the BCP, the species is absent in Pacific coast areas in the western Vizcaíno Desert, the high cold mountains in the North and Sierra de la Laguna in the Cape, some areas of the central plains of Magdalena and in the Mediterranean climate zones of western Baja California state ( Figure 5 ).
The suitable habitats obtained from the ENM for the 3 genetic populations (North, Central and Cape) have a geographical structure. However, they present marginal overlap areas principally along the peninsular east coast (Figure 2) . The North genetic population exhibits a geographical distribution restricted to the eastern coastal zone of the Baja California state, going down through central Baja California to the northern Vizcaíno Desert. The Central genetic population exhibits a geographical distribution comprising the southern Central Desert, the central and eastern Vizcaíno Desert, the central Gulf Coast, and the lower areas of the Sierra de la Giganta, and some spots on the plains of Magdalena. Finally, the Cape genetic population exhibits a geographical distribution restricted to the Cape region, except at higher altitudes of the Sierra de la Laguna.
Variables associated with precipitation were the most important for all the models except in the Central genetic population (64.9% North; 44.5% Central; 53.1% Cape; 52.1% LGM), and the contribution of the other bioclimatic variables was different in each model (Supplementary Material S5) .
ENM projected to the LGM (~21 ky) climate shows that the Cape region is the area in which habitat suitability is maximum, followed by the central region of the BCP and the peninsular coast of the Upper Gulf of California with medium suitability (Figure 5 ). An area of potential distribution with very high habitat suitability also appears in Sonora, mainland Mexico ( Figure 5) . AUC values for all models ranged between 0.857 and 0.995 (Supplementary Material S4).
Overall, niche differentiation was explained by the first 2 components of the PCA (64.85% of the variation), which showed that each genetic population mostly had its own environmental space, with some overlap between population pairs (Figure 6 ). The variables with a higher contribution to the first component (PC1, 39.39%) were associated with precipitation (BIO11, BIO12, BIO13, BIO15, BIO16, and BIO18) except for BIO6. The variables that contributed to the second component (PC2, 25.46%) were associated with temperature (BIO1, BIO4, BIO5, BIO7, BIO8, BIO9, and BIO10). We found significant differences between climatic characteristics in each genetic group's area (MANOVA Wilk's λ P < 0. 
Discussion
Phylogeographic and Ecological Structure in the Desert Iguana
Dipsosaurus dorsalis is a conspicuous and abundant component in the herpetofauna of the BCP that has been little studied. In the present study, our data evidenced the existence of 3 geographically discrete genetic groups along its peninsular distribution range: North, Central and Cape. Their boundaries correspond to phylogeographic breaks previously identified with partial sequences of mtDNA in other species of reptiles (Upton and Murphy 1997; Rodríguez-Robles et al. 1999; Riddle et al. 2000; Lindell et al. 2005; Lindell et al. 2006; Bryson et al. 2012) , birds (Zink et al. 2001) , and mammals (Riddle et al. 2000) . The North and Central genetic populations revealed a genetic break around 27°N and 29°N in the peninsula, this area concurs with the hypothesized mid-peninsular seaway (Figure 2 ; Upton and Murphy 1997; Riddle et al. 2000; Lindell et al. 2006) . We also found a second genetic break between the Central and Cape populations, around 24°N and 25°N, which corresponds to the seaway of the Isthmus of La Paz (Figure 1 and 2 ; Riddle et al. 2000) . The hegemonic idea is that these discontinuities have been formed by the presence of geographical barriers, such as the seaways. However, in the present study, microsatellite data (from this study) and biological data (obtained from public databases and used in the ENMs) suggest alternative explanations. First, this is because in animals the relative rates of evolution of mtDNA (0.70 × 10 −9 -3.16 × 10 −9 mutations/ locus/generation; Ellegren 2004; Selkoe and Toonen 2006) are slower than microsatellites of nuclear DNA (1 × 10 −3 mutations/locus/generation; Balloux and Lugon-Moulin 2002) . Second, as previously mentioned, we assume that the colonization of the desert iguana in the BCP occurred in the late Pliocene (2.6 Myr), early in the newlyformed desert areas (Savage 1960; Murphy 1983 ) and after vicarious events (3 Myr -1 Myr, Riddle et al. 2000) . Instead, ecological factors may have been decisive in maintaining divergence among genetic populations. The observed correspondence between the 3 Structure genetic populations and the results in niche models confirm this hypothesis. In our model, we demonstrated that each genetic population is geographically structured and also occupies a distinct climatic niche with little to medium niche overlap (MANOVA, PCA, Wilk's λ). However, other experiments should be used to test the biological significance of these differences, such as genomic tests to identify potential local adaptation in the genetic groups, and correlations between these genomic patterns and environmental variables (Manel et al. 2003; Kawecki and Ebert 2004) .
ENMs indicate that in the present-day climate, the 3 genetic populations have distinct geographic distributions. The potential distribution of the North population is located in the northern peninsular region, which is characterized by a low altitude and typical microphyll flora, principally comprising L. tridentata and Ambrosia dumosa (Shreve 1942; Grismer 2002) , in addition to a regime of winter rains (Rebman and Roberts 2012) . Indeed, the most important bioclimatic variable in North model is annual precipitation (BIO12), which, in this area, is present in the winter season and almost absent in the summer (González-Abraham et al. 2010) . During those rainy and cold periods, the desert iguana hibernates (Moberli 1963) . It may also go into aestivation when the solar radiation and heat in is very high in mid-summer. In both periods of torpor, the desert iguana may reduce its activity and its metabolic rate may drop as low as 50% of its normal rate (Moberli 1963) . We speculate that behavioral differences between the North population and the others could contribute to maintaining the genetic differentiation. The desert iguana's feeding and reproductive habits are another feature that could be impacting the genetic differentiation of the North population. Dipsosaurus dorsalis is primarily herbivorous (Grismer 2002) and strongly dependent on the abundance and distribution of food resources in the arid desert region (Asplund 1967) . Rainfall influences the habitat and resources available to this lizard, ultimately driving the population dynamics, as reported in other species of lizards (Bradshaw et al. 1991; Daly et al. 2008 ). In the northern peninsula, the diet of D. dorsalis is principally composed of the foliage and flowers of the creosote bush, the abundance of which depends on winter rainfall (Munson et al. 2012 ). In addition, this plant provides shade and protection against excessive heat and solar radiation in the summer (Norris 1953; Minnich and Shoemaker 1970; Pough 1973) . It has been proposed that due to this ecological dependence, the northern limits of both the creosote bush's and the desert iguana's ranges are similar (Bezy 2010) .
In the Central and Cape populations, rain occurs towards the summer months and it is influenced by cyclones. In other species of desert lizard, it has been demonstrated that rainfall and warm temperatures improve conditions for the incubation and hatching of clutches, increasing food availability, which in turn speeds growth and increases survival in juveniles (James and Whitford 1994; Dickman et al. 1999) .
The Central genetic population shows a potential distribution that confirms its low or null presence in some areas on the Pacific coastal strip, under the influence of cold fog and winter rains, as reported before by Grismer (2002) . On the contrary, the desert iguana becomes much more abundant in the lower parts of the warmer coast of the Gulf of California, with mild temperatures in the winter (authors' pers. obs). Climatically the central region of the BCP is characterized by a long arid passage with scanty, random, bi-seasonal precipitation that connects the temperate ecosystems of the north with the tropical ecosystems of the south (Garcillán et al. 2003) . The eastern coastal plains act as a continuous suitable corridor, by which the desert iguana may be dispersing; Structure and Migrate analysis results support these observations. Furthermore, the most important bioclimatic variable in the Central was annual temperature range (BIO7), which highlights the species' preference for warmer lowlands instead of the colder high altitudes of the Sierra de la Giganta (~1767 masl), where night temperatures drop daily and seasonally (Grismer 2002) .
Finally, the Cape population occupies the lowlands of the southern region (Cape region) of the BCP except the ranges of the Sierra de la Laguna (~2200 masl), and the most important bioclimatic variable in the model was precipitation seasonality (BIO15). In this area, rainfall is contrastingly more abundant than in the rest of the peninsula, and is mainly derived from tropical cyclonic storms that reach the region in late summer (Salinas Zavala et al. 1990; González-Abraham et al. 2010) . In this tropical region, D. dorsalis is less selective in its habitat preferences, compared to northern xeric environments (Asplund 1967) , and may include in its diet some animal components such as insects, rodent feces or even small lizards (Norris 1953; Asplund 1967; Galina-Tessaro et al. 2003) . The optimal period for food availability is late summer and autumn, when maximum primary productivity is found as a result of the summer rains (Asplund 1967; Grismer 2002) .
The reproductive cycle of the desert iguana presents a temporal mismatch in breeding seasons, varying from northern (May-July) to southern regions (late summer) (Norris 1953; Asplund 1967) , perhaps following the peninsular N-S gradient of rains (Asplund 1967; O'Neil Krekorian 1984) . These results support our idea that the phylogeographic structure found in the desert iguana may be best explained by the gradient in climatic preferences along the BCP rather than by the widely-proposed vicarious event (Riddle et al. 2000) . Regardless of the explanatory hypothesis, microsatellite data indicated that the species exhibited a nonrandom genetic structure, which could provide the preconditions for adaptive divergence and subsequent speciation (Hewitt 1996) . Our results point to a scenario where the genetic composition of the desert iguana could be the result of a recent process. However, more studies on life history traits and local adaptation allowing us to pinpoint the isolation mechanisms of the populations of this species are needed.
Genetic Footprint of the LGM
North American deserts are interesting areas to explore methods in phylogeography (Zink et al. 2001; Garrick et al. 2013; González-Rubio et al. 2016; Gutiérrez-Flores et al. 2016; González-Trujillo et al. 2016) since it has been shown that they experienced dramatic climatic and environmental fluctuations during Pleistocene glaciations. Recent studies have demonstrated that species that inhabit arid regions show phylogeographic patterns associated with desert fluctuations during this epoch, underlining the importance of climatic refugia for the maintenance of populations and genetic diversity during nonoptimal periods (Wilson and Pitts 2012; Gutiérrez-Flores et al. 2016) .
The pattern between genetic and geographic distance regression suggests that a small fraction of the population genetic structure observed (28%) in the desert iguana is due to isolation by distance. This phenomenon, together with the fact that the frequency of private alleles (signal of an older demographic history) is greater in the Cape genetic population (in relation to Central and North), and that population sizes decrease towards the North genetic population, reinforces the previous assumption. Although the 3 genetic populations form distinct genetic units, a part of these subpopulations exhibited an asymmetrical historical migration, which was greater towards the North population (from Cape and Central) than from it. This result assumes a pattern expected under the expansion-contraction model (Provan and Bennett 2008) that may have occurred after the LGM. However, we must note that there is no decline in genetic diversity as expected under northern range expansion (Table 1) .
The projected ENM of the species to the climatic conditions of the LGM (~21 ky) shows that the climate in the southern peninsular region was the most favorable for D. dorsalis, and this hypothesis is supported by the genetic patterns observed. The Cape region of the BCP experienced the arid and warmer conditions more favorable to the desert iguana (Savage 1960) . This study provides indirect evidence that the southern regions of the BCP may be considered the Pleistocene range of the species before the occurrence of a population expansion, driven by migration to the north of the peninsula, when environmental conditions improved as the peninsular Sonoran Desert became established. In fact, the lizards collected near the Sierra de la Laguna mountains (SASI and COM sampling localities) (Arriaga and Ortega-Rubio 1988) showed the greatest genetic diversity, bolstering the idea of Pleistocene refugia. Northern regions where habitat suitability is moderately optimal (the Upper Gulf and in Sonora, mainland Mexico) could also have served as potential refugia during the LGM (~21 ky); nevertheless, mitochondrial phylogeographic patterns must be analyzed to confirm this second refuge.
Conclusions
This study, as far as we are aware, represents the first phylogeographic analysis with the use of microsatellites on the desert iguana. This species shows a phylogeographic pattern that reveals the existence of 3 geographically discrete genetic groups: North, Central, and Cape. We propose a non-vicariant hypothesis supported by genetic data and indirectly by ecological evidence that the species is currently diverging and that latitudinal environmental heterogeneity in rainfall patterns may have a marked influence on its population genetic structure. This is also explained by an area of peninsular refuge in the Cape region during the Pleistocene LGM (~21 ky) and a population expansion towards northern regions of the peninsula while the desert was being established. The results of the present work are relevant because they provide a novel approach to a better understanding of historical population processes and incipient population differentiation in the BCP by combining different analysis tools, allowing a new hypothesis to emerge about the processes that have occurred over time and have impacted species in different ways (Alvarado-Serrano and Knowles 2014). We encourage the evaluation of more lines of evidence to confirm the hypothesis presented here.
Finally, our study provides a guideline for understanding the possible causes that have contributed to genetic differentiation in the biota of the region, presenting some answers but also raising new questions about the great complexity of the processes that have had an effect at different scales over time and space in the evolutionary history of the biota of this region.
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